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ME THOD FOR TRA N SMITTING SIGNALS FROM A PLURALITY OF BASE 
^STATIONS TO A MOBILE STATION 

Field of the invention 

The present invention relates to a transmitting method and in 
particular, but not exclusively, to a method of transmitting 
signals from a plurality of base stations to a mobile station in 
a wireless cellular telecommunications network. 

Background of the invention 

The use of code division multiple access (CDMA) is being proposed 
for the next generation of cellular telecommunication networks. 
Additionally, code division multiple access is also being used in 
the IS- 95 Standard in the USA. CDMA is a direct sequence spread 
spectrum technique. In a wireless cellular network using CDMA, 
the mobile terminals in one cell associated with a first base 
station will use the same frequency as mobile stations in an 
adjacent cell associated with a second base station. The 
different mobile stations can be distinguished by the respective 
base stations as each mobile station will be using a different 
spreading code. 

In US-A-5101501 a CDMA system is described which uses "soft" 
handoff. With soft handoff, a mobile station is capable of 
communicating with more than one base station at the same time. 
This will typically occur when the mobile station is close to the 
boundary defined between two cells. The signals sent by the 
mobile stations will be received and processed by both of the 
base stations. Likewise, the mobile station will receive the same 
signal from the two base stations. The signals from the two base 
stations may be combined. The combined signal may provide better 
quality than the individual signals received by the mobile 
station . 

It has also been proposed that two parallel connections be 
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provided between a mobile station and a base station. One of 
these connections is for speech whilst the other is for data. The 
soft handoff scenario described hereinbefore has been proposed in 
the context of speech connections. The use of soft handoff with 
data is difficult to successfully implement and so it has been 
proposed that even if the mobile station is in soft handoff with 
two or more base stations for speech connections, the mobile 
station should only communicate with a single base station for 
the data connection. * 

The inventor has appreciated that this proposal has problems in 
certain soft handoff situations. These problems will occur when 
the two base stations with which a mobile station is in 
communication are under the control of different radio network 
controllers. The radio network controllers provide control 
information to the base stations for forwarding to a mobile 
station. This information indicates if speech and/or data is 
present and associated rate information. For successful combining 
in the mobile station when in soft handoff, this information 
should not contradict. If one base station under the control of 
one radio network controller indicates that speech and data are 
being sent to the mobile station and a second base station under 
the control of a different radio network controller indicates to 
the same mobile station that only speech is being sent to the 
mobile station, the mobile station will not be able to 
successfully combine the received speech- The mobile station may 
also assume that there is no data information as the mobile 
station has only been advised that there is data information by 
one base station. As this information is only received from one 
base station, the mobile station may assume that the information 
from the base station is unreliable and that there is in fact no 
data. 

EP-A-0 577 322 describes a method for call handover in a 
cellular radio system using soft handover, whereby during the 
transitional period in which the mobile station switches base 
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station, the mobile station is in communication with both base 
stations on different channels. 

Summary of the invention 

It is an aim of embodiments of the present invention to 
address this problem. 
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According to a first aspect of the present invention, there is 
provided a method of\ transmitting signals from a plurality of 
first stations to the 9same second station, said method comprising 
the steps of transmitting first signals comprising a first 
communication and first Associated information from one of said 
plurality of first stationte to said second station; transmitting 
second signals comprising \said first communication, a second 
communication and second associated information, said second 
associated information differing at least partially from said 
first associated information, frrom another of said plurality of 
first stations to said second station; and receiving at said 
second station said first and second signals, wherein said second 
station processes said first and second signals in accordance 
with the first and second associated \inf ormation . 

The first communication or type of communication may comprise 
speech. Alternatively, the first communication may comprise any 
other suitable data. As the first communication is transmitted by 
two different first stations to the same second station, the 
second station is in soft handoff with respect to the first 
communication. The first communications may be provided on 
dedicated channels. Alternatively, the first communications may 
be provided on shared channels. 

The second communication or type of communication may be data or 
any other suitable information. The second communication is only 
provided by one of the first stations to the second station. 
Accordingly, that second communication is not in a soft handoff 
situation with respect to the second communication. Preferably, 
the second communication is provided in a shared channel. 
Alternatively, a dedicated channel may be provided for the second 
communication . 

The first and/or second associated information may comprise 
information on the rate of the respective first and second 
signals. Alternatively or additionally, the first and/or second 
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associated information may comprise information which is required 
in order to successfully process the received signals. 
Preferably, the first and/or second associated information may 
comprise at least one code word. Preferably, a code word is 
provided for the first communication and a different code word is 
provided for the second communication. 

The first and/or second associated information may comprise first 
information associated with the first communication and second 
information associated with the second communication. As 
mentioned hereinbefore, that first and second information may 
^ comprise respective code words. Preferably, the first and second 
O associated information comprises the same information in respect 
p of the first communication. 

SjJ 

^ One of the first and second stations may comprise a base station, 

yi Preferably, one of the first and second stations comprises a 

O mobile station. The first stations are preferably base stations 

^ and the second station is preferably a mobile station. 

6 

q In preferred embodiments of the present invention, the first and 
fU second stations communicate using the code division multiple 

access technique. The first and second communications may use 

different spreading codes. 

At least two of the first stations may be connected to different 
control elements, the control elements defining the first and/or 
second associated information. These control elements may be 
radio network controllers. 

According to a second aspect of the present invention, there is 
provided a network compri^smg a plurality of first stations and a 
/plurality of second stations, each of said first stations being 
Of connected to a control elem^it, wherein at least one of said 
^ first stations is connected to\one control element and at least 
one of the first stations being \onnected to a different control 
J element, wherein, in a first modX when a second station is in 
communication with a plurality of Edrst stations controlled by 
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the same controlNelement , the first stations transmit identical 
control inf ormaticA to said second station and, in a second mode, 
when a second, station is in communication with a plurality of 
^jfirst stations which >are controlled by a plurality of different 
I control elements, the\control information transmitted by said 
ry¥\ first stations to said atecond station is different, said control 
^ information being used byVsaid second station in said first and 
second modes to control th^yprocessing carried out by the second 
station in respect of signals received from said plurality of 
first stations. 

The control information may be in accordance with the first 
coding in the first mode and in accordance with the second coding 
in the second mode. 

The first coding may h^y-e a first number of symbols available 
using a first number of bits and said second coding may have a 
second number of symbols available using a second number of bits, 
wherein the first number cxG. symbols is greater than the second 
number of symbols- The control information may comprise a first 
number of code words in the \f irst mode and a second number of 
code words in the second mode\ said first number of code words 
being less than the second number of code words. For example, one 
code word may be used in the f Mrst mode and two or more code 
words may be used in the second mode . 

Preferably, the number of bits defining the or each code word in 
the first mode is different to that of the or each code word in 
the second mode. The number of bits in the first mode for a code 
word is preferably greater than that in the second mode. 

Brief description of the drawings 




For a better understanding of the present invention and as to how 
the same may be carried into effect, reference will now be made 
by way of example to the accompanying drawings in which: 
Figure l shows a schematic diagram of part of a cellular 
telecommunications network incorporating base transceiver 



AMENDED SHEET 

EMPFANGSZEIT -14. JUN. 17:56 ausORUCKR7F1T M .IIIN 17 -RQ 



WO 00/70785 



PCT/EP00/03699 



6 

stations and mobile stations; 

Figure 2 shows part of the network of Figure 1 in more detail; 
and 

Figure 3 illustrates the coding used in embodiments of the 
present invention . 

Detailed description of embodiments of the invention 



Reference will first be made to Figure 1 in which three cells 2 
of a cellular telecommunications network are shown. Each cell 2 
is served by a respective base transceiver station (BTS) 4. Each 
base transceiver station 4 is arranged to transmit signals to and 

□ 

q receive signals from the mobile stations 6 located in the cell 
O associated with the given base transceiver station 4. Likewise, 
gTj each mobile station 6 is able to transmit signals to and receive 
U1 signals from the respective base transceiver station 4 . 

m 

E 

£3 The cellular telecommunications network shown in Figure 1 uses a 

J: code division multiple access technique. Accordingly, at least 

Jp some of the mobile stations will be in communication with more 

G3 than one base station at the same time. This, however, will be 

fu 

described in more detail hereinafter. 



Reference is now made to Figure 2 which shows two base stations 
10 and 12 which serve adjacent cells. The first base station 10 
is connected to a first radio network controller 14 whilst the 
second base station 12 is connected to a second radio network 
controller 16. In practice each of the first and second radio 
network controllers 14 and 16 will be connected to more than one 
base station. However for clarity, only one base station is shown 
as being connected to each radio network controller. 

In the scenario illustrated in Figure 2, a mobile station 18 is 
in communication with both the first and the second base stations 
10 and 12 at the same time and is therefore in soft handof f . The 
cells of the first and second base stations can be regarded as 
overlapping with the mobile station 18 being in the region of 
overlap . 
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The mobile station 18 has a downlink speech connection 2 0 and a 
downlink data connection 22 with the first base station 10, these 
connections being in parallel. The speech connections may, but 
not necessarily be a dedicated connection and is sometimes 
referred to as a downlink channel. The data connection via these 
embodiments is a downlink shared channel and is also used by the 
first base station 10 for other communications with different 
mobile stations. Alternatively, the data connection may be a 
dedicated channel. The speech and data connections use different 
spreading codes so that the two connections (channels) can be 
distinguished. The spreading factor (i.e. processing gain) may 
also differ for the speech and data connections. 

Control information for the mobile station 18 from the first base 
station 10 is multiplexed with the speech on the speech 
connection and therefore uses the same code as the speech 
connection . 

The mobile station 18 has a downlink speech connection 24 with 
the second base station 12 and no data connection. The speech 
connection 24 between the mobile station 18 and the second base 
station 12 uses the same spreading factor as the speech 
connection between the first base station 10 and the mobile 
station 18. Once again, the control information will be 
multiplexed with speech on the speech connection and a single 
spreading code is used. The speech connection may be regarded as 
a dedicated physical data channel whilst the control information 
may be regarded as being provided by a dedicated physical control 
channel . 

Whilst the speech information transmitted by the first and second 
base stations 10 and 12 to the mobile stations is the same, the 
control information may be the same or different. The control 
information includes information such as power control 
information for controlling the power with which the mobile 
station 18 transmits. The control information also includes TFCI 
information as will be discussed hereinafter. The control 
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information may include pilot signals or symbols which act as a 
reference for certain purposes. 

The control information is time multiplexed onto the speech 
channel (i.e. the dedicated downlink physical channel) and thus 
uses the same spreading code . 

Data blocks are transmitted between the radio network controllers 
14 and 16 and the respective base stations 10 and 12 using a 
frame protocol FP. The data may be speech or conventional data. A 
frame contains data which is to be transmitted in one 
interleaving period and a transport format indicator TFI . The 
interleaving period is the period over which data is interleaved. 
The transport format indicator TFI provides information as to the 
format of the data frame such as the size of the data block, the 
interleaving period and the like. 

Each mobile station has an independent transport connection which 
means that each frame contains the data and current transport 
format indicator TFI of one bearer only. One bearer is the 
speech, another bearer is the data and yet another bearer is the 
signalling. For downlink communications (from the radio network 
controller to the base station direction) , the data blocks of 
users having the same user equipment are multiplexed onto a 
single radio link. The manner in which the multiplexing is done 
will depend on the transport format indicator TFI of each frame 
which indicates the amount of data in each frame for the bearers. 
The multiplexing takes place with the blocks which are to use 
the same spreading code . 

A transport format combination information TFCI field of the 
radio frame provided in a dedicated physical control channel 
DPCCH will indicate the manner in which the multiplexing is 
carried out . The transport format combination information TFCI 
field will indicate the transport format indicator TFI for each 
of the bearers whose data is multiplexed in the radio frame or 
frames in the dedicated physical data channel DPDCH. Each frame 
has incorporates two code slots, one for shared channels and one 
for the unshared channels. The TFCI information provides 
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information on the rate associated with the speech and data 
respectively. 

The rate information thus defines the interleaving performed as 
well as the form of channel coding. 

When the mobile station 18 is in communication with two base 
stations 10 and 12 which are controlled by different radio 
network controllers 14 and 16, the TCFI coding is modified as 
follows. A first type of coding is used for the TCFI coding in 
this scenario. In this embodiment 16.5 coding is used. This means 
that there are 16 possible symbols which are represent by 5 bits. 

Each of the base stations will send one or two code words, each 
having a maximum length of 5 bits. These code words are 
formulated by the respective radio network controller. Reference 
is made to Figure 3 which shows four examples of the two words 
which are received by the mobile station. The first word, WORD 1, 
is transmitted by both the first base station 10 and the second 
base station and relates to the speech connection. The same 
information WORD 1 for the speech connections will be sent to the 
mobile station 18 from the first and second base stations 10 and 
12 . This is because the same speech information is sent to the 
mobile station from both the first and second base stations 10 
and 12 . 



A second word WORD 2 relates to any data connection. The first 
base station 10 sends WORD 2 to the mobile station 16. As there 
is no data connection between the second base station and mobile 
station 18 one of the following occurs: instead of a second code 
word, WORD 2, the second base station sends a series of zeros or 
the like, representing the second word. Alternatively, the second 
base station may not send the second word WORD 2. Accordingly, 
the mobile station may only receive one version of the second 
code word, WORD 2 from the first base station or a second version 
with zeros or the like. In the latter case, the two second words 
WORD 2 can be combined so the effects of the connection where 
there is no data are ignored. This may be used to confirm that 
there is only one data connection. 
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The first word contains the TCFI information for the speech 
connection between the first base station 10 and the mobile 
station 18 and between the second base station 2 and the mobile 
station 18. The TCFI information is the same from both the first 
and the second base stations. 

The second word contains TCFI information for the data connection 
between the first base station 10 and the mobile station 18. 
There is no TCFI information from the second base station 12 for 
a data connection. 

Figure 3 shows examples where the total number of TFCI bits 
received by the mobile station is 7, 8, 9 and 10. As can be seen 
from these examples, it is not necessary to use all of the 
available bits of each code word. For example, in one version of 
the second word, WORD 2, all bits are used, in another four bits, 
in another three bits and in another two bits. Only one bit may 
also be used. The position of the unused bit or bits may vary. 
The first word, WORD 1 may vary. The first word, WORD 1 may 
similarly use only some of the available bits. 

The mobile station uses the TCFI information in order to process 
the speech and data connections as required. For example, the 
rate information may mean the speech or data has been interleaved 
and encoded in a certain manner. The mobile station uses the rate 
information to determine the deinterleaving process and decoding 
to be carried out . 

Where the mobile station is in communication with two base 
stations which are controlled by the same radio network 
controller, the mobile station receives the same TCFI information 
from both of the base stations for each connection. The TCFI 
information will use a different coding. In this embodiment the 
different coding will be 32.6 coding. This means that there are 
32 possible symbols which are represented by 6 bits. There is of 
course only a single code word of six bits which is transmitted 
by each of the base stations. 
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In alternative embodiments of the present invention, other types 
of coding can be used. 

Embodiments of the present invention have the advantage that 
where two radio network controllers are involved, one of which 
controls the downlink channel and the other of which controls the 
downlink shared channel, the benefits of fast signalling on the 
downlink shared channel can be retained even where the radio 
network controllers are in different locations. 

The data connection TCFI code word (which may be in respect of a 
shared channel) will not have the gain associated with soft 
handof f but this also applies to the data itself . 

This method described with reference to Figure 3 has the 
advantage that a control loop between radio network controllers 
is not required, reducing traffic in the network. 

The signalling information i.e. the TCFI information relating to 
the speech connection will have the same soft handoff gain 
associated with the speech connection. 

There is an alternative solution to the problem where different 
base stations which are in communication with the same mobile 
station and the base stations are controlled by different radio 
network controllers. That solution is to connect the two radio 
network controllers to each other so that the same TCFI coding is 
sent by both of the base stations. This solution may be 
advantageous where the radio network controllers are in the same 
location. If the radio network controllers are not in the same 
location, this solution may be disadvantageous in that a delay is 
introduced. This delay is a result of the time taken for the two 
radio network controllers to signal to each other before 
transmission can begin. 

In one embodiment of the present invention the method described 
in relation to Figure 3 is used if the radio network controllers 
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are not in the same location whilst the alternative method is 
used if the radio network controllers are in the same location. 
In other embodiments the method described in relation to Figure 3 
is used regardless of the location of the radio network 
controllers in question. 

The format described hereinbefore is part of the currently 
proposed UMTS (universal mobile telephone service) standard. It 
should be appreciated that any other standard can alternatively 
be used. 

The control information can in alternative embodiments of the 
present invention be sent on a separate connection or channel to 
the speech data. 

In alternative embodiments of the present invention, the speech 
may be replaced by any other suitable form of communication. In 
other words, any other suitable communication type including some 
data connections may be in soft handoff as required and used in 
embodiments of the invention. Likewise, the data can be replaced 
by any other suitable form of communication, where soft handoff 
is not desirable. The data may be packet data or any other type 
of data. 

It is also possible that the dedicated channel is only maintained 
to support handover or the like and only contain signalling 
information. In this case the first word WORD 1, would refer to 
the existence of the higher level control information. 

In some embodiments of the present invention, the mobile station 
may be in communication with more than two base stations at the 
same time. The principles outlined hereinbefore can also be used 
in this scenario. Each base station can be connected to a 
different radio network controller. Alternatively, one or more of 
the radio network controllers can be connected to more than one 
base station which is in communication with the same mobile 
station . 
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Whilst preferred embodiments have been described in the context 
of a code division multiple access system, embodiments of the 
present invention can be used with any other spread spectrum 
technique or any other suitable access technique such as time 
division multiple access, frequency division multiple and space 
division multiple access as well as hybrids thereof. 



